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E s t i m a t e s  - Case 233 

MEMORANDUM FOR TILE 

CONTENT 

DATE: S e p t e m b e r  27, 1967 

FROM: D .  Macchia. 

T h i s  memorandum es t ima tes  t y p i c a l  p l a n e t a r y  s p a c e c r a f t  
w e i g h t s  a f t e r  d e p a r t u r e  f rom e a r t h  o r b i t .  A 700 d a y  m i s s i o n ,  
wh ich  i s  r e p r e s e n t a t i v e  o f  numerous f l y b y  and  c a p t u r e  m i s s i o n s  
to Mars a n d / o r  Venus i s  assumed.  The s p a c e c r a f t  i s  c o m p r i s e d  o f  
l i f e  s u p p o r t ,  power ,  m i s s i o n  e q u i p m e n t ,  s t r u c t u r e ,  e a r t h  r e t u r n  
c a p s u l e ,  p a y l o a d ,  m i d c o u r s e  and  a t t i t u d e  c o n t r o l  p r o p u l s i o n .  

w i t h  c rew s i z e  a n d  a l s o  m i s s i o n  t i m e  to a c c o u n t  f o r  spares ,  
r e d u n d a n c y ,  and  e x p e n d a b l e s .  

( y a j  o r  p r o p u l s i o n  s t a g e s  z y c  -;.c.clu.ded. ) S u b s y s t e l ; ~  7ic i , -~ ,4  t;l ,b 5 va1.y 

A b a s e l i n e  w e i g h t  e s t ima te  o f  a Xars f l y b y  m i s s i o n  
( t h r o u g h  t h e  a s t e r o i d  b e l t )  i s  summar ized  on T a b l e  I and  F i g u r e  1. 
T h i s  b a s e l i n e  S/C i s  b r a c k e t e d  b y  minimum and  maximum S/C weight  
e s t i m a t e s  ( T a b l e  11) which  a r e  a f u n c t i o n  o f  f r e e  vo lume ,  r a d i a t i o n  
s h i e l d i n g ,  m e t e o r o i d  s h i e l d i n g ,  power and  p a y l o a d  r e q u i r e m e n t s ,  
a n d  t h e  p a r t i c u l a r  c h o i c e  of  s u b s y s t e m s .  The  weight  o f  t h e  
m i s s i o n  module wh ich  i n c l u d e s  e v e r y t h i n g  e x c e p t  p r o p u l s i o n ,  
p a y l o a d ,  and  t h e  e a r t h  e n t r y  module  i s  also i n d i c a t e d  on F i g u r e  1. 

The v a r i o u s  d e t a i l e d  w e i g h t  e s t i m a t e s  ( s e e  Append ix )  a r e  
b a s e d  on da t a  f rom numerous s o u r c e s  wh ich  a r e  g i v e n  i n  t h e  
r e f e r e n c e  l i s t  and  Rellcomm s t u d i e s . *  Only t h o s e  da t a  which  a r e  
b e l i e v e d  to b e  r e l i a b l e . a n d  r e a l i s t i c  were u s e d .  Gross weight  
e s t i m a t e s ,  w i t h o u t  d e t a i l e d  breakdowns  or e x p l a n a t i o n  were 
d i s r e g a r d e d .  It i s  r io ted  t h a t  t h e  w e i g h t  o f  p a y l o a d ,  wh ich  
a c c o u n t s  f o r  a s i g n i f i c a n t  p o r t i o n  o f  t h e  S/C w e i g h t ,  i s  based  
on a s s u m p t i o n s  by t h e  a u t h o r .  However,  t h e  t o t a l  p a y l o a d  re- 
s u l t i n g  i s  i n  a p p r o x i m a t e  ag reemen t  w i t h  v a r i o u s  c o n t r a c t o r  a n d  
Bellcomm s t u d i e s .  T h e  p a y l o a d  w e i g h t  s h o u l d  p r o b a b l y  be i n c r e a s e d  
f o r  d u a l  and  t r i p l e  p l a n e t  f l y b y  m i s s i o n s .  

DISCUSSION - 
A s  i n d i c a t e d  i n  T a b l e  11, t h e  m a j o r  c o n t r i b u t i o n s  t o  

S/C w e i g h t ,  e x c l u d i n g  p r o p u l s i o n ,  a r e  l i f e  s u p p o r t ,  p a y l o a d ,  and 
t h e  e a r t h  r e t u r n  modu le .  The  m i s s i o n  module  s t r u c t u r e  c a n  also 

* U n p u b l i s h e d  work o f  C .  E .  J o h n s o n  on  m e t e o r o i d  p r o -  
t e c t i o n  and  m i s s i o n  module  s t r u c t u r e  i s  r e f l e c t e d  i n  t h i s  p a p e r .  
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become heavy  i f  i t  must  o p e r a t e  t h r o u g h  t h e  a s t e r o i d  b e l t  or i n  
a w o r s t  c a s e  r a d i a t i o n  e n v i r o n m e n t .  S i g n i f i c a n t  w e i g h t  s a v i n g s  
c a n  b e  made i n  t h e  l i f e  s u p p o r t  a r ea  by u s i n q  e f f i c i e n t  means o f  
O2 s t o r a g e  (or e v e n  02 r e c o v e r y  from C02) and  a l s o  by a t t e m p t i n g  
to m i n i m i z e  c a b i n  a t m o s p h e r i c  leakage.  A s  a n  e x a m p l e ,  t h e  w e i g h t  
p e n a l t y  f o r  02 r e c o v e r y  i s  a b o u t  250-300 lh/man a s  opposed  to 
1540 lb/man f o r  s u b c r i t i c a l  e r g o  s t o r a g e  o r  3500 lb/man for 
g a s e o u s  02 s t o r a g e .  Weight can a l s o  b e  t r i m m e d  f rom t h e  p a y l o a d  
by a c c e p t i n g  a l e s s  a m b i t i o u s  m i s s i o n .  

Each  a d d i t i o n a l  crewman i n c r e a s e s  t h e  b a s e l i n e  m i s s i o n  
module  and  s p a c e c r a f t  by 7 0 0 0  a n d  1 6 0 0 0  1 b s . r e s p e c t i v e l y  f o r  
o p t i m i z e d  d e s i g n s .  However,  i t  i s  n o t  l i k e l y  t h a t  s p a c e c r a f t  
w i l l  b e  o p t i m i z e d  f o r  v a r y i n g  m i s s i o n  c rew s i z e s .  F i g u r e  2 
i l l u s t r a t e s  t h e  p e n a l t i e s  f o r  u s i n g  S/C o f  g r e a t e r  c rew c a p a c i t y .  
A s  a n  e x a m p l e ,  a 6 man S/C f o r  a )+ Ran r n l s s i o n  w e i g h s  129,000 
l b s .  wh ich  compares  w i t h  1 1 0 , 0 0 0  l b s .  f o r  t h e  o p t i m i z e d  S/C. 

It i s  n o t e d  t h a t  t h e  t o t a l  S/C a n d  m i s s i o n  module  
w e i g h t s  a re  much l o w e r  t h a n  p r e v i o u s  e s t i m a t e s .  T h i s  i s  due  t o  
e l i m i n a t i o n  o f  a r b i t r a r y  c o n t i n g e n c y  f a c t o r s  a n d  t h e  u s e  o f  
a c h i e v a b l e  r a t h e r  t h a n  c o n s e r v a t i v e  i n d i v i d u a l  s y s t e m  we igh t  
e s t i m a t e s .  A l t h o u g h  s p e c i f i c  es t imates  may w e l l  b e  s u b j e c t  to 
much c r i t i c i s m ,  i t  i s  b e l i e v e d  t h a t  t h i s  memorandum g i v e s  a 
u s e f u l  i n d i c a t i o n  o f  t h e  i n f l u e n c e  o f  c rew s i z e  on S/C w e i g h t  
for a c o n s i s t e n t  s e t  o f  a s s u m p t i o n s .  S i n c e  S/C w e i g h t  has m a j o r  
i m p a c t  on  l a u n c h  v e h i c l e s ,  f a c i l i t i e s ,  c o s t ,  e t c . ,  and  e v e n t u a l l y  
m i s s i o n  a c c e p t a b i l i t y  i t  i s  e v i d e n t  t h a t  a t h o r o u g h  e x a m i n a t i o n  
o f  a l l  s y s t e m  w e i g h t s  i s  r e a u i r e d .  

1 0  1 3  -DM-nmm D .  Macch ia  

A t t a c h m e n t :  
R e f e r e n c e s  1 - 1 0  
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